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The indiscriminate use of pesticides on grape crops is harmful for consumers´ healthin “in natura” consumption and 
in the ingestion of wine and grape juice. During winemaking, a rapid and efficient fermentation stage is critical to 
avoid proliferation of contaminating microorganisms and to guarantee the product´s quality. Polymerase chain 
reaction (PCR) has the advantage of detecting these contaminants in the early stages of fermentation. However,this 
enzymatic reaction may also be susceptible to specific problems, reducing its efficiency. Agricultural practices, such 
as fungicide treatments, may be a source of PCR inhibiting factors and may also interfere in the normal course of 
fermentation.The action of the pesticides captan and folpet on PCR and on yeast metabolism was evaluated, once 
these phthalimide compounds are widely employed in Brazilian vineyards. DNA amplification was only observed at 
75 and 37.5 µg/mL of captan concentrations, whereas with folpet, amplification was observed only in the two lowest 
concentrations tested (42.2 and 21.1µg/mL).Besides the strong inhibition on Taq polymerase activity, phthalimides 
also inhibited yeast metabolism at all concentrations analyzed.Grape must containing captan and folpet residues 
could not be transformed into wine due to stuck fermentation caused by the inhibition of yeast metabolism. Non-
compliance with the waiting period for phthalimide fungicides may result in financial liabilities to the viticulture 
sector.The use of yeasts with high fungicide sensitivity should be selected for must fermentation as a strategy for 
sustainable wine production and to assure that products comply with health and food safety standards. 
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Disease occurrences in vineyards, especially 
fungal ones, have led to an indiscriminate use of 
fungicides for their control. However, this practice 
has serious implications on the residues of these 
compounds in grapes, grape must and wines. 
Despite the well-known health hazard for 
consumers, fungicides residues are connected with 
stuck and sluggish alcoholic fermentation with 
costs increase for wineries, resulting from the 
fungicides´ negative effects on yeast growth . 
Moreover, sluggish fermentation causes the 
proliferation of contaminant microorganisms, 
which reduce wine quality due to the production of 
off-flavour metabolites. A rapid and efficient 
detection of these microorganisms may reduce the 
damage to the final product. In this context, the 
polymerase chain reaction (PCR) is a well-
established molecular technique for the 
identification of microorganisms in food, 
beverages and other environments. This culture-
independent technique has many advantages such 
as sensitivity and specificity, although it may also 
have huge limitations concerning primer annealing 
and false negative occurrences . Failure in some 
analyses is referred to the Taq polymerase 
susceptibility to natural inhibitors (proteins, 
polysaccharides, ethanol, tannic acid) present in 
materials such as skeletal material , tea , soil , 
biological fluids and food. Additional procedures 
involving physical or enzymatic strategies to 
remove the inhibitors are necessary in all cases. 
All these procedures result in a significant loss of 
DNA, especially when its quantity is limited. 
External chemical compounds can also be 
involved in Taq DNA polymerase inhibition and 
once phthalimides are widely employed in 
Brazilian vineyards to control fungal threats, the 
main purpose of the current research was to detect 
the activity of two fungicides named captan (N-
trichloromethylthio-4-cyclohexane-1,2-
dicarboximide, C9H8Cl3NO2S) and folpet (N-
trichloromethylthiophthalimide, C9H8Cl3NO2S) 
upon the enzyme Taq DNA polymerase and upon 
the metabolic activity of the yeast Saccharomyces 






MATERIAL AND METHODS 
 
MICROORGANISM, DNA EXTRACTION, 
PCR AND ELECTROPHORESIS 
PROCEDURES 
Saccharomyces cerevisiae Embrapa 1vvt/97 was 
employed as autochthonous standard yeast that has 
been used for industrial winemaking in southern 
Brazil. The strain belongs to the Yeast Culture 
Collection (WDCM 1056) of EMBRAPA Grapes 
and Wine (Brazilian Agricultural Research 
Corporation). The yeast strain was stored in 
cryogenic vials at -80°C. The cryogenic vial was 
defrosted at room temperature to reactivate the 
microorganism. A 10 µl aliquot was then 
transferred to Petri dishes containing must agar 
(10g/L yeast extract; 250 mL white grape must; 20 
g/L agar). The plate was incubated for 24 - 48 
hours at 25 °C for the growth of yeast cells 
growth. A freeze-thawing process was performed 





suspension was stored at -18°C until ice formation, 




targeting the conserved region of 18S rDNA, 
amplified a 375-bp fragment and PCR 
amplification was performed in 25 µL reaction 
volume. One microliter of DNA template was 
added to the PCR master mixture, which consisted 
of 1x PCR buffer (Invitrogen Corporation, USA), 
1.5U of Taq DNA polymerase Platinum 
(Invitrogen Corporation, USA), 0.1 mM of each 
dNTP (Invitrogen Corporation, USA), 0.8 pM of 
each primer (Integrated DNA Technologies Inc., 
USA), 2.5 mM of MgCl2 and 15.45 µL of captan 
solutions (concentrations ranging between 
recommended dose 1200 µg/mL
 
and 3.75 µg/mL) 
or folpet solutions (concentrations ranging 
between recommended dose 675 µg/mL and 4.22 
µg/mL). Amplification consisted of an initial 
denaturation at 94°C for 5 min, followed by 30 
cycles of denaturation at 94°C for 30 s, annealing 
at 68°C for 45 s, extension at 72°C for 30 s, with a 
final extension at 72°C for 5 min. The PCR 
reactions were conducted on a PTC-100 Peltier 
thermal cycler (Bio-Rad Life Sciences, USA). 
PCR products were resolved in 1% agarose gel 
electrophoresis. The gels were stained with 
ethidium bromide (0.5 µg/mL)
 
and stained DNA 
was visualized under 302 nm UV light on 
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transilluminator Eagle Eye II Video Imaging 
System (Stratagene, California, USA). The 
fragment´s size was estimated by comparison with 
100-bp DNA ladder (Invitrogen, USA). 
 
FERMENTATION, CELL GROWTH, 
VIABILITY AND ANALYTICAL 
PROCEDURE  
The effect of different concentrations of captan 
(between 1200 and 37.5 µg/mL) and folpet 
(between 675 and 21.1 µg/mL) upon yeast 
metabolism was measured by CO2 evolution, 
following .  
The growth of Saccharomyces cerevisiae was 
evaluated by optical density (OD) readings at 600 
nm in a 1 cm-path quartz cuvette using a 
spectrophotometer UV/VIS Lambda Bio (Perkin-
Elmer). The yeast cells were inoculated to a final 
concentration of 10
7
 cell/mL in a fungicide-free 
150-mL grape must, or containing either 37.5 
µg/mL of captan or 21.1 µg/mL of folpet. Each 
treatment was performed in triplicate. The cultures 
were incubated at 25°C in an orbital shaker (New 
Brunswick, Edison, USA) at 150 rpm during 96 
hours.  
Cells´ morphology after 4 days of fermentation 
was observed with an optical universal microscope 
Zeiss (Carl-Zeiss, Oberkochen, Germany) 
equipped with phase contrast. Cell viability on 
captan and folpan presence was determined with 
NucleoCounter YC-100 (Gibertini, Milan, Italy).  
The concentration of sugar was estimated by the 
phenol/sulphuric acid method, described by and 
ethanol evaluation was done by distillation as 
described elsewhere , with an electronic distiller 
(Gibertini, Italy), followed by measurement of 
density with Anton Paar DMA45 Calculating 
Digital Density Meter SP2 (Graz, Austria) 
equipped with Haake D3/L (Germany) water bath. 
Percentage by volume at 20°C of ethyl alcohol 
corresponding to apparent specific gravity was 
obtained. 
 
RESULTS AND DISCUSSION 
 
EFFECT OF PHTHALIMIDES ON PCR  
Figure 1 shows the effect of different folpet 
and captan concentrations on the amplification 
reaction with 1.5 U Taq DNA polymerase. 
The highest concentration for DNA 
amplification was 42.2 µg/mL and 75 µg/mL 
respectively for folpet and captan. PCR 
inhibition may be due to the binding of agents 
to single-stranded or double-stranded DNA 
preventing amplification and to interference 
with Taq DNA polymerase, blocking or 
reducing enzyme activity. also reported that 
Taq DNA polymerase is completely inhibited 
by compounds isolated from the marine red 
alga Symphyocladia latiuscula.  
 
 
Figure 1. Amplification of a 375 bp fragment of 
Saccharomyces cerevisiae DNA at different folpet and 
captan levels employing 1.5 U Taq DNA polymerase. 
Lane M (100 bp DNA Ladder); Lanes 1 - 6 represent 
decreasing concentrations of folpet: 675, 337.5, 168.7, 
84.4, 42.4 and 21.1 µg/mL; Lanes 7 - 12 represent 
decreasing concentrations of captan: 1200, 600, 300, 
150, 75, 37.5 µg/mL; Lane 13 (positive control).  
 
Further, enzyme concentration was increased 
from 1.5 to 6.0 units and all the other 
components in the 25-µL reaction mixture 
were constant to show that the action of these 
fungicides is on Taq DNA polymerase. 
Results demonstrated that, in a 25 µL reaction 
mixture containing 1.5 units of Taq DNA 
polymerase, the enzyme was completely 
inhibited by captan at concentrations 120 and 
60 µg/mL, whereas significant inhibition was 
only observed at 120 µg/mL concentration 
with 6.0 units of Taq DNA polymerase (data 
not given). A similar behaviour has also been 
reported for the competition between DNA 
and folpet. Employing 1.5 units of Taq DNA 
polymerase, the enzyme was completely 
inhibited by folpet at 67.5 µg/mL 
concentration, whereas no inhibition was 
observed with 6.0 units of Taq DNA 
polymerase (data not given). 
DNA polymerase is a multifaceted enzyme 
with distinct activities, or rather, it has 
polymerase and exonuclease activities. 
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According to , captan affects the polymerising 
step and influences the activities of both 
exonucleases, inhibiting 3’-5’ exonuclease and 
polymerase activities while enhancing 5’-3’ 
exonuclease activity. Current results suggest 
that the fungicide is irreversibly bound to the 
enzyme and not to other components of the 
reaction. demonstrated that the binding of 
captan occurs at the β subunit of RNA 
polymerase, which contains the nucleoside 
triphosphate-(NTP)-binding site, and 
consequently blocks the latter.  
 
EFFECT OF PHTHALIMIDES ON CELL 
METABOLISM 
Results (Figure 2A and B) corroborated the 
fact that all concentrations in which captan 
and folpet were not inhibitory to Taq DNA 
polymerase, strongly inhibited CO2 evolution 
and suggested that the inhibitory action on 
Saccharomyces cerevisiae´s anaerobic 




Figure 2. Metabolic activity of Saccharomyces 
cerevisiae at different concentrations of (A) Captan 
1200, 600, 300, 150, 75 and 37.5 µg/mL and (B) Folpet 
675, 337.5, 168.7, 84.4, 42.2 and 21.1 µg/mL. 
 
In fact, ethanol production and product yield 
(Yp/s) were severely affected by the two 
added compounds (Figure 3 A and B). Drastic 
inhibition took place even when the cells were 
inoculated at the lowest levels of folpet and 
captan, 21.1 µg/mL and 37.5 µg/mL, 
respectively. These results suggest different 
interpretations. The effect of these two 
chemical compounds on yeast seems not to be 
only due to the inhibitory activity of Taq DNA 
or RNA polymerases but also to a severe 
inhibition that reaches the glycolytic pathway 
or only at one point involving pyruvic acid, 
acetaldehyde and ethanol with the respective 
CO2 evolution. In this case, the glycolytic CO2 
evolution would be more sensitive to these 
compounds than aerobic respiration. This 
differential behaviour has been attributed to 
several organic compounds that induce the 
alcoholic fermentation and cause a decrease in 
the specific oxygen uptake rate (Verduyn et 
al., 1992). If the ethanol production is tightly 
bound to the growth of yeast cells, indicating 
that yeast must be produced as a co-product , 
the media for yeast cell growth should also be 




Figure 3. Influence of different concentrations of 
Captan and Folpet on ethanol production and product 
yield (Yp/s) by Saccharomyces cerevisiae 
 
Yeast growth, measured by optical density, 
was strongly inhibited by these chemical 
compounds. The cells were more severely 
affected by captan (Figure 4) and the 
inhibition process of these chemicals reached 
the aerobic and anaerobic cell metabolism. In 
this case, the action of these compounds 
should be linked to a point somewhere in the 
glycolytic pathway in which inhibition affects 
the alcoholic fermentation and aerobic 
metabolism. 
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Figure 4. Growth inhibition of Saccharomyces 
cerevisiae during a 96-hour period with 37.5 µg/mL
 
of 
Captan and 21.1 µg/mL of Folpet. 
 
observed that folpet and its decomposition 
product thiophosgene caused changes in 
absorbance profiles of glyceraldehyde 3-
phosphate dehydrogenase and that these 
changes were associated with the inhibition of 
dehydrogenase activity, suggesting an effect 
on the protein´s tertiary configuration and/or 
denaturation. Glyceraldehyde 3-phosphate 
dehydrogenase is a crucial glycolytic enzyme 
that mediates the transfer of an inorganic 
phosphate to a glyceraldehyde 3-phosphate 





molecule and the formation of a molecule of 
1.3-diphosphoglyceric acid. Thiophosgene is a 
highly reactive compound that reacts with 
cellular groups to form several different 
products. Besides this reactive property, 
thiophosgene behaves as an activator in the 
synthesis of neoglycoprotein . The pyranose 
derivatives of various monosaccharides bind 
to a large protein of the medium, forming 
neoglycoprotein and so preventing the 
diffusion of sugar into the yeast cells. These 
characteristics of thiophosgene may partially 
explain the severe inhibition of the yeast cell 
activities. Both trichloromethylthio (SCCl3) 
and thiophosgene (SCC12) may react with 
several important cellular molecules. 
Glutathione (g-glutamyl-cysteinyl-glycine) 
(GSH), one of these molecules, is a key 
component that participates in the cellular 
detoxification process and mediates a great 
diversity of other complex cellular activities . 
GSH depletion is associated more with 
augmented oxidation of water-soluble proteins 
than with the lipid peroxidation of cell 
membranes and induces apoptosis in 
Saccharomyces cerevisiae . GSH plays an 
important role not only in the growth of 
nitrogen-fixing bacteria but also in their 
symbiotic processes . The growth and 
fermentation inhibition observed in 
Saccharomyces cerevisiae provoked by captan 
and folpet is related to decrease of 
intracellular GSH levels. Captan and folpet, 
reacting directly with GSH or inhibiting the 
enzymes of glutathione metabolism, may 
decrease the life span of yeast cells and have 
an enormous lethal effect on Saccharomyces 
cerevisiae. Microscopic analysis has shown 
several cells completely lysed after four days 
of growth in the medium with 37.5 µg.mL
-1
 of 
captan and 21.1 µg.mL
-1
 of folpet. Several 
dead cells presented budding. The fact that 
both budding and non-budding yeast cells 
were being destroyed suggested that these 
compounds killed the yeast cells irrespective 
of their particular cell cycle stage. No excess 
lysis was found in the medium without the 
addition of these two chemical compounds. 
Cells´ viability was measured in a 24-hour-old 
culture (Figure 5). The strong lysis process 
detected in must treated with the two chemical 
compounds suggested that the must, although 
a rich complex medium with all the necessary 
nutrients required for yeast metabolism, did 
not neutralise the compounds´ deleterious 
effects. showed that the basal respiration of 
fungi was not affected by captan but 
approximately 40% of the glucose-activated 
respiration was inhibited by the compound. 
These facts show that the components of the 
medium not only did not protect the yeast cells 
against chemical products but also intensified 
their inhibitory actions. This behaviour is very 
similar to the very well-known penicillin 
mechanism of action. It has been known for a 
long time that these antibiotics inhibit 
susceptible bacteria more effectively when the 
environment is most favourable for growth . 








Figure 5. Viability of a 24-hour culture of 
Saccharomyces cerevisiae with and without 
37.5 µg/mL of Captan and 21.1 µg/mL of Folpet. 
 
Contrastingly, some fungicides did not affect 
the ethanol production and their presence 
could even stimulate alcoholic fermentation . 
Captan and folpet have proved to be more 
potent inhibitor compounds for anaerobic and 
aerobic metabolism of Saccharomyces 
cerevisiae than for Taq DNA polymerase 
activity. Differences among strains related to 
these inhibitors may exist. If the above 
statement is true, the yeast is probably one of 
those sensitive strains. However, these results 
highlight the importance of respecting the 
waiting period between the last fungicide 
application and harvest time. Private and 
public viticulture technicians recommend 60 
days for a secure waiting period to assure an 
adequate fermentation process. The grape 
must containing captan and folpet residues 
could neither be transformed into wine due to 
the inhibition of yeast metabolism nor the 




Residues of phthalimides affect Taq polymerase 
activity and impair the identification or detection 
of microorganism by PCR. Moreover, non-
compliance with the waiting period for 
phthalimide fungicides may result in financial 
liabilities to the viticulture sector due to stuck 
fermentation. The use of yeasts with high 
fungicide sensitivity should be selected for must 
fermentation as a strategy for sustainable wine 
production and to assure products in compliance to 
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